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DESCRIPTION 
HYBRID VEHICLE 

FIELD OF THE INVENTION 

The present invention relates to a hybrid vehicle in which an engine 
equipped with pumping loss reduction means is connected to a first driven 
wheel via a first motor/generator, an oil pump, a first clutch, a hydraulic 
automatic transmission, and a second clutch, and a second motor/generator is 
connected to a second driven wheel. 
BACKGROUND ART 

A hybrid vehicle in which a first motor/generator, an oil pump, a first 
clutch, a belt type continuously variable transmission, a second clutch, and a 
second motor/generator are disposed between an engine and a driven wheel 
is known from Japanese Patent Application Laid-open No. 2001-200920. This 
conventional hybrid vehicle starts off and accelerates by means of the driving 
force of the engine and the driving force of the* engine is assisted by making 
the first motor/generator function as a motor; during cruising, the engine is 
stopped, and the vehicle travels by making the second motor/generator 
function as a motor; and during deceleration, electrical energy is recovered by 
making the first and second motor/generators function as generators. 

When the engine is running, it is possible to generate a hydraulic 
pressure for shifting the belt type continuously variable transmission with the 
oil pump, which is driven by the engine, but when the engine is stopped and 
the vehicle travels by means of the driving force of the second 
motor/generator, since the oil pump generates no hydraulic pressure, when 
switching from traveling by means of the driving force of the second 
motor/generator to traveling by means of the driving force of the engine, there 
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is a time lag until the oil pump generates a hydraulic pressure and shifting of 
the belt iype oonllnuOusIy variabie trar.Gmissicn becomes possible^ ^nd there 
is a possibility that the ratio control responsiveness might be degraded thus 
causing shift shock to occur 
5 In the above-mentioned conventional arrangement, in addition to the oil 

pump driven by the engine, an electric oil pump is provided, and by generating 
a hydraulic pressure with the electric hydraulic pump when the engine is 
stopped, the actual ratio of the belt type continuously variable transmission is 
rapidly made to coincide with a target ratio when switching over from traveling 

10 by means of the driving force of the second motor/generator to traveling by 
means of the driving force of the engine,. 

However, in the above-mentioned conventional arrangement, since it is 
necessary to employ an electric oil pump in addition to the oil pump driven by 
the engine, there is the problem that the number of components, cost, space, 

15 weight, etc. are increased by an amount corresponding to the electric oil pump 
and a motor for driving it. 
DISCLOSURE OF INVENTION 

The present invention has been accomplished under the above- 
mentioned circumstances, and it is an object thereof to provide a hybrid 

20 vehicle that can travel by means of a motor/generator while an engine is 
stopped, and that enables hydraulic pressure for shifting an automatic 
transmission to be generated when the engine is stopped, without requiring a 
special electric oil pump. 

In order to attain this object, in accordance with a first aspect of the 

25 present invention, there is proposed a hybrid vehicle in which an engine 
equipped with pumping loss reduction means is connected to a first driven 
wheel via a first motor/generator, an oil pump, a first clutch, a hydraulic 
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automatic transmission, and a second clutch, and a second motor/generator is 
conniecteu to a second driver, vvhoc!, the second driven wheel being different 
from the first driven wheel, characterized in that when the vehicle is made to 
travel by driving or braking the second driven wheel with the second 
5 motor/generator, in order to shift the automatic transmission a hydraulic 
pressure is generated by driving the oil pump with the first motor/generator in a 
state in which the pumping loss of the engine, which has stopped running, is 
reduced by the pumping loss reduction means and the second clutch is 
disengaged. 

10 In accordance with this arrangement, when the vehicle is made to travel 

by driving or braking the second driven wheel with the second motor/generator 
while operation of the engine is stopped, since the oil pump is driven by the 
first motor/generator while the pumping loss of the engine is reduced by the 
pumping loss reduction means and the second clutch is disengaged, not only 

15 is it possible to shift the automatic transmission with the hydraulic pressure 
generated by the existing oil pump without providing a special electric oil 
pump, but it is also possible to prevent shift shock from occurring by controlling 
the actual ratio of the automatic transmission at a target ratio with good 
responsiveness when the engine is started and the first driven wheel is driven 

20 via the automatic transmission. Moreover, since the engine rotated by the first 
motor/generator is in a state in which the pumping loss is reduced, and the first 
motor/generator is disconnected from the first driven wheel by the second 
clutch being disengaged, not only is it possible to minimize the power 
consumption of the first motor/generator, but it is also possible to start the 

25 engine rapidly by controlling the ignition and starting the supply of fuel. 

Furthermore, in accordance with a second aspect of the present 
invention, in addition to the first aspect, there is proposed the hybrid vehicle 
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wherein, when a deviation of the actual ratio of the automatic transmission 
froiTi a target ratio exceeds a predetermined value, the automatic- transmission 
is shifted while intermittently engaging the first clutch. 

In accordance with this arrangement, since the automatic transmission 
5 is shifted by engaging the first clutch when the deviation of the actual ratio 
from the target ratio exceeds the predetermined value, compared with a case 
in which shifting is carried out by continuously engaging the first clutch it is 
possible to reduce the power consumption by minimizing the time for which the 
automatic transmission is driven by the first motor/generator. 

10 Moreover, in accordance with a third aspect of the present invention, in 

addition to the first aspect, there is proposed the hybrid vehicle wherein, when 
the percentage change of a target ratio of the automatic transmission exceeds 
a predetermined value, the automatic transmission is shifted while 
continuously engaging the first clutch. 

15 in accordance with this arrangement, since the automatic transmission 

is shifted while continuously engaging the first clutch when the percentage 
change of the target ratio of the automatic transmission exceeds the 
predetermined value, shifting can be carried out without delay when rapid 
shifting is necessary. 

20 Furthermore, in accordance with a fourth aspect of the present 

invention, in addition to the first aspect, there is proposed the hybrid vehicle 
wherein, when the remaining capacity of a battery connected to the first and 
second motor/generators exceeds a predetermined value, the required driving 
force of the vehicle is less than a predetermined value, and the pumping loss 

25 of the engine can be reduced, traveling by means of the second 
motor/generator is permitted. 
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In accordance with this arrangement, since traveling by means of the 
second rriolui/yenerator is parrrilttad when the remaining capacity nf the 
battery is sufficient, the remaining capacity of the battery does not become 
insufficient; since traveling by means of the second motor/generator is 
5 permitted when the required driving force of the vehicle is small, the driving 
force of the vehicle does not become insufficient; and since traveling by 
means of the second motor/generator is permitted when the pumping loss of 
the engine can be reduced, it is possible to minimize the power consumption 
of the first motor/generator for driving the oil pump and the engine. 

10 Moreover, in accordance with a fifth aspect of the present invention, in 

addition to the fourth aspect, there is proposed the hybrid vehicle wherein, 
when the pumping loss reduction means is operated and traveling is carried 
out by means of the second motor/generator, a hydraulic pressure for shifting 
the automatic transmission is generated by driving the oil pump with the first 

15 motor/generator. 

In accordance with this arrangement, since the hydraulic pressure for 
shifting the automatic transmission is generated by driving the oil pump with 
the first motor/generator when traveling is carried out by means of the second 
motor/generator in a state in which the pumping loss of the engine is reduced, 

20 it is possible to rapidly shift the automatic transmission in readiness for 
traveling by means of the engine while minimizing the power consumption of 
the first motor/generator. 

Furthermore, in accordance with a sixth aspect of the present invention, 
in addition to the first aspect, there is proposed the hybrid vehicle wherein, 

25 when a hydraulic pressure is generated in order to shift the automatic 
transmission by driving the oil pump with the first motor/generator, the first 
clutch is disengaged. 
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In accordance with this arrangement, since the first clutch is disengaged 
when- the oil pump Is driven by th^ first rnotor/nRnerator it is oossible to 
prevent drag on the automatic transmission from the driving force of the first 
motor/generator, thus reducing the power consumption. 
5 A belt type continuously variable transmission M of an embodiment 

corresponds to the automatic transmission of the present invention, a front 
motor/generator MG1 and a rear motor/generator MG2 of the embodiment 
correspond to the first motor/generator and the second motor/generator 
respectively of the present invention, and front wheels Wf and rear wheels Wr 

10 of the embodiment correspond to the first driven wheel and the second driven 
wheel of the present invention. 
BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 to FIG. 13 illustrate one embodiment of the present invention; 
FIG. 1 is a diagram of the overall arrangement of a power transmission system 

15 of a hybrid vehicle, FIG. 2 is a flow chart of a drive mode determination 
routine, FIG. 3 is a flow chart of a mode transition processing routine, FIG. 4 is 
a flow chart of a stop mode processing routine, FIG. 5 is a flow chart of an 
electric creep mode processing routine, FIG. 6 is a flow chart of a deceleration 
mode processing routine, FIG. 7 is a flow chart of an engine mode processing 

20 routine, FIG. 8 is a flow chart of an electric mode processing routine, FIG. 9 is 
a flow chart of a stop mode transition processing routine, FIG. 10 is a flow 
chart of an electric creep mode transition processing routine, FIG. 1 1 is a flow 
chart of a deceleration mode transition processing routine, FIG. 12 is a flow 
chart of an engine mode transition processing routine, and FIG. 13 is a flow 

25 chart of an electric mode transition processing routine. 
BEST MODE FOR CARRYING OUT THE INVENTION 
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An embodiment of the present invention is explained below with 
reference to the attached drawings. 

As shown in FIG. 1 , connected in series to a crankshaft 11 of an engine 
E that can put all cylinders in a cut-off state are a front motor/generator MG1 , 
5 a damper 12, an oil pump 13, a first clutch 14. and an input shaft 15 of a belt 
type continuously variable transmission M. An endless belt 19 is wound 
around a drive pulley 16 provided on the input shaft 15 and a driven pulley 18 
provided on a transmission output shaft 17. The damper 12 has the functions 
of suppressing torque shock when a sudden torque is transmitted from the 

10 engine E and suppressing the amplitude of torsional vibration of the crankshaft 
11. The transmission output shaft 17 is connected to left and right front 
wheels Wf via a second clutch 20, a final drive gear 21 , a final driven gear 22, 
a front differential gear 23, and left and right axles 24. A rear motor/generator 
MG2 is connected to left and right rear wheels Wr via a rear differential gear 

15 25 and left and right axles 26. 

The front and rear motor/generatdrs MG1 and MG2 are connected to a 
battery 28 via a power drive unit 27. 

During normal operation, an intake valve of the engine E is controlled 
so as to open and close in association with rotation of the crankshaft, but 

20 when running with the cylinders in a cut-off state, in order to reduce the 
pumping loss of the engine E, the intake valve is kept closed by pumping loss 
reduction means. Therefore, when the crankshaft 11 of the engine E is 
rotated by the front motor/generator MG1 while the cylinders of the engine E 
are in a cut-off state, the driving load can be minimized. 

25 Although not specifically illustrated in this embodiment, the engine E, 

the belt type continuously variable transmission M, the front motor/generator 
MG1, the rear motor/generator MG2, and the battery 28 are controlled by 
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corresponding ECUs (electronic control units), and there is also provided an 

intSGrStint: ECU for intSG'"***'"'^ tK^iOQ Pr^l le r\r\nfmi in th^ i\r\\u /^Horfc ni Pir« 

2 to FIG. 13 described below is carried out by the integrating ECU. 

With regard to the drive mode of a hybrid vehicle, there are five modes, 
that is, a 'stop mode', an 'electric creep mode', a 'deceleration mode', an 
'engine mode', and an 'electric mode', and the mode is determined by the flow 
chart of a drive mode determination routine of FIG. 2. 

That is, if in step S1 a vehicle speed Vcar is 0 and a brake switch Brk is 
ON, then in step S2 it is determined that a requested drive mode 
DriveModeReq is the 'stop mode'. 

When the answer in step S1 is NO, then if in step S3 an accelerator 
pedal degree of opening AP is fully closed, the brake switch Brk is OFF, the 
vehicle speed Vcar is less than a creep determination vehicle speed V__Crp, 
and a remaining battery capacity SOC exceeds a permitted electric travel 
remaining capacity SOC_EV, then in step S4 it is determined that the 
requested drive mode DriveModeReq is the 'electric creep mode'. The 'electric 
creep mode' is a travel mode in which the vehicle is made to creep by means 
of the driving force of the second motor/generator MG2. 

When the answer in step S3 Is NO, then if in step S5 the accelerator 
pedal degree of opening AP is fully closed and the vehicle speed Vcar 
exceeds the creep determination vehicle speed V_Crp, or if in step 86 the 
accelerator pedal degree of opening AP is fully closed, the brake switch Brk is 
ON, and the vehicle speed Vcar is not 0, then In step S7 it is determined that 
the requested drive mode DriveModeReq is the 'deceleration mode'. 

When the answers in steps S5 and S6 are both NO, if in step S8 a 
required driving force F_REQ is not less than a permitted electric travel driving 
force F_EV, or if in step S9 the remaining battery capacity SOC does not 
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exceed the permitted electric travel remaining capacity SOC_EV, or if in step 
S10 s cylinder cut-off permission fing KVUTOENB: j-s_ not ^cju^l to 1 (cylinder 
cut-off permission), then in step S1 1 it is determined that the requested drive 
mode DriveModeReq is the 'engine mode'. If the answers in steps S8 to S10 
5 are all YES, then in step S12 it is determined that the requested drive mode 
DriveModeReq is the 'electric mode'. The 'electric mode' is a mode in which 
the vehicle is made to travel by the driving force of the second motor/generator 
MG2. 

Since traveling by means of the second motor/generator MG2 is 

10 permitted when the required driving force F_REQ is small in step S8, the 
driving force for the vehicle does not become insufficient. Since traveling by 
means of the second motor/generator MG2 is also permitted when the 
remaining capacity of the battery 28 is sufficient in step S9, the capacity of the 
battery 28 does not become insufficient. Since traveling by means of the 

15 second motor/generator MG2 is also permitted when the engine E can be in a 
cylinder cut-off state in step S10, it is possible to minimize the power 
consumption of the first motor/generator MG1, which rotates the engine E in a 
cylinder cut-off state together with the oil pump 13. 

A mode transition processing routine is now explained with reference to 

20 the flow chart of FIG. 3. 

Firstly, in step S21, when a current drive mode DriveMode coincides 
with the requested drive mode DriveModeReq, then if in step S22 the drive 
mode DriveMode is the 'stop mode', then in step S23 stop mode processing is 
carried out, if in step S24 the drive mode DriveMode is the 'electric creep 

25 mode', then in step S25 electric creep mode processing is carried out, if in 
step S26 the drive mode DriveMode is the 'deceleration mode', then in step 
S27 deceleration mode processing is carried out, if in step S28 the drive mode 



DriveMode is the 'engine mode', then in step S29 engine mode processing is 
carriec! ciit, and if in step S30 the drive mode DriveMode Is the 'electric mode*: 
then in step S31 electric mode processing is carried out. 

On the other hand, when the current drive mode DriveMode does not 
5 coincide with the requested drive mode DriveModeReq in step S21, if in step 

532 the requested drive mode DriveModeReq is the 'stop mode', then in step 

533 stop mode transition processing is carried out, if in step S34 the 
requested drive mode DriveModeReq is the 'electric creep mode', then In step 
S35 electric creep mode transition processing is carried out, if in step S36 the 

10 requested drive mode DriveModeReq is the 'deceleration mode', then in step 
S37 deceleration mode transition processing is carried out, if in step S38 the 
requested drive mode DriveModeReq is the 'engine mode', then in step S39 
engine mode transition processing is carried out, and if in step S40 the 
requested drive mode DriveModeReq is the 'electric mode', then in step S41 

15 electric mode transition processing is carried out. 

A subroutine of the 'stop mode processing' of step S23 of the flow chart 
of FIG. 3 is now explained with reference to the flow chart of FIG. 4. 

Firstly, in step S51 the first clutch 14 is disengaged, and in step S52 the 
second clutch 20 is disengaged. In the subsequent step S53, when the 

20 remaining battery capacity SOC is not greater than a permitted idle stop 
capacity SOC_IS (the remaining capacity that enables the engine E to be 
restarted even if it is put in an idle stop state), that is, when the remaining 
battery capacity SOC Is insufficient, if in step S54 the engine E is firing fully, 
then in step S55 in order to carry out charging with the front motor/generator 

25 MG1 , a front motor/generator drive command F_FrMot is set at an idle charge 
command FJdIChg (negative value), and in step S56 an engine drive 
command F_ENG is set at the idle charge command F_ldlChg (positive value). 



10 



By so doing, while running the engine E the front motor/generator MG1 is 
rrsQdc tc funGtiGn 3£ 2 generEtor, thus charging th6i b?itt^ry 28- 

In step S54, if the engine E is not firing fully, in step S57 the front 
motor/generator MG1 is made to function as a motor so as to crank the engine 
5 E, and in step S58 the engine drive command F_ENG Is set at 0 (no load 
throttle degree of opening), thus starting the engine E. 

A subroutine of the 'electric creep mode processing' of step S25 of the 
flow chart of FIG. 3 is now explained with reference to the flow chart of FIG. 5. 
Firstly, in step S71 the second clutch 20 is disengaged, and in step S72 

10 driving the front motor/generator MG1 as a motor and idling the engine E in a 
cylinder cut-off state allows the oil pump 13 to be driven while minimizing the 
pumping loss of the engine E, thus generating a hydraulic pressure for shifting 
the belt type continuously variable transmission M. In the subsequent step 
S73, the driving force command for the rear motor/generator MG2 is set at a 

15 required driving force F_REQ, and the rear motor/generator MG2 is made to 
function as a motor, thus making the vehicle creep electrically. 

In the subsequent step S74, a target ratio RatioObj of the belt type 
continuously variable transmission M is calculated from the accelerator pedal 
degree of opening AP and the vehicle speed Vcar, or the required driving force 

20 F_REQ and the vehicle speed Vcar.^ In step S75, when a percentage target 
ratio change |ARatioObj| exceeds a predetermined value, that is, the 
percentage target ratio change |ARatioObj| is large, then in step S76 the first 
clutch 14 is engaged, and in step S77 shift processing is carried out so that the 
actual ratio Ratio of the belt type continuously variable transmission M 

25 coincides with the target ratio RatioObj. The hydraulic pressure required in 
this process employs a hydraulic pressure that is generated by the oil pump 13 
by driving the engine E in the cylinder cut-off state with the front 
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motor/generator MG1. In step S78. a ratio check timer TmRatioChk (down 
CG'jnt tinier) is set Et predetermined time TRATIOCHK. 

As a result of the shift processing being carried out in step S77, in step 
S75 even if the percentage target ratio change |ARatioObj| does not exceed 
5 the predetermined value, if in the subsequent step S79 the ratio check timer 
TmRatioChk has timed up, then in step S80 the first clutch 14 is engaged. If in 
step S81 a deviation [RatioObj - Ratioj of the actual ratio Ratio from the target 
ratio RatioObj is not less than a predetermined value, that is, the deviation 
IRatioObj - Ratio] is large, then in step S82 shift processing is carried out so 

10 that the actual ratio Ratio of the belt type continuously variable transmission M 
coincides with the target ratio RatioObj. The hydraulic pressure required in 
this process employs a hydraulic pressure that is generated by the oil pump 13 
by driving the engine E In the cylinder cut-off state with the front 
motor/generator MG1. On the other hand, if in step S81 the deviation 

15 [RatioObj - Ratio] is less than the predetermined value, then in step S78 the 
ratio check timer TmRatioChk is set at the predetermined time TRATIOCHK. 
If In the step S79 the ratio check timer TmRatioChk has not timed up, then in 
step S83 the first clutch 1 4 is disengaged. 

In this way, if the percentage target ratio change |ARatioObj| exceeds 

20 the predetermined value when the engine E is in the cylinder cut-off state, then 
the first clutch 14 is engaged so as to drive the oil pump 13, the actual ratio 
Ratio of the belt type continuously variable transmission M is controlled at the 
target ratio RatioObj by the hydraulic pressure generated by the oil pump 13, 
each time the predetermined time TRATIOCHK elapses the first clutch 14 is 

25 engaged to drive the oil pump 13, and In this process if the deviation [RatioObj 
- Ratio] of the actual ratio Ratio from the target ratio RatioObj is not less than 
the predetermined value, then the actual ratio Ratio of the belt type 
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continuously variable transmission M is controlled at the target ratio RatioObj, 

thorohy onAhjjng Helay jn rA.Qnnn.QA of Rhiftlnn nf thA b6!t typ6 COntinUOLi-SLy 

variable transmission M to be prevented. 

A subroutine of the 'deceleration mode processing' of step S27 of the 
5 flow chart of FIG. 3 is now explained with reference to the flow chart of FIG. 6. 

The flow chart of FIG. 6 is substantially the same as that of FIG. 5; 
when the vehicle is decelerated, in the same manner as when the vehicle is 
made to creep electrically, the first clutch 14 is engaged under predetermined 
conditions so as to rotate the drive pulley 16 and the driven pulley 18 of the 

10 belt type continuously variable transmission M, and shifting to the target ratio 
RatioObj is carried out while checking the actual ratio Ratio; it is therefore 
possible to reliably prevent a delay in response of shifting of the belt type 
continuously variable transmission M. The only difference is that, in step S73 
of the flow chart of FIG. 5 the rear motor/generator driving force command 

15 F_RrMot is set at the required driving force F_REQ, and the rear 
motor/generator MG2 is made to function as a motor so as to make the vehicle 
creep electrically, but in step S73' of the flow chart of FIG. 6 the rear 
motor/generator driving force command F_RrMot is set at the required driving 
force F_REQ (regenerative braking), and the rear motor/generator MG2 is 

20 made to function as a generator so as to generate a regenerative braking 
force, thus recovering the kinetic energy of the vehicle as electrical energy in 
the battery 28. 

A subroutine of the 'engine mode processing' of step S29 of the flow 
chart of FIG. 3 is now explained with reference to the flow chart of FIG. 7. 
25 Firstly, in step S91 the first clutch 14 is engaged (including the so-called 

half-clutch control), in step S92 the second clutch 20 is engaged, and in step 
S93 the target ratio RatioObj of the belt type continuously variable 
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transmission M is calculated fronn the accelerator pedal degree of opening AP 
and the vehicle cpccd Vear, or frorn the requiredxdriving force F^PEQ and the 
vehicle speed Vcar. In step S94, shift processing is carried out so that the 
actual ratio Ratio of the belt type continuously variable transmission M 
5 coincides with the target ratio RatioObj. 

In the subsequent step S95, if the mode is an assist mode, then in step 
S96 the front motor/generator driving force command F_FrMot is set at the 
front required assist driving force F_AstFrMot, the rear motor/generator driving 
force command F_RrMot is set at the rear required assist driving force 

10 F_AstRrMot, and the front motor/generator MG1 and the rear motor/generator 
MG2 are driven as motors, thus assisting the driving force of the engine E, In 
step S97, if the mode is a charging mode, in step S98 the front 
motor/generator driving force command F_FrMot is set at a charging driving 
force F_Chg, the rear motor/generator driving force command F_RrMot is set 

15 at 0, and the front motor/generator MG1 is driven as a generator, thus 
charging the battery 28. In steps S95 and S97, if the mode is neither the 
assist mode or the charging mode, in step S99 both the front motor/generator 
driving force command F_FrMot and the rear motor/generator driving force 
command F_RrMot are set at 0, thus running only the engine E. 

20 In step S100, the driving force command F_ENG of the engine E is 

calculated by subtracting, from the required driving force F_REQ, the front 
motor/generator driving force command F_FrMot and the rear motor/generator 
driving force command F_RrMot. That is, the total required driving force of the 
engine E, the front motor/generator MG1 , and the rear motor/generator MG2 is 

25 made to coincide with the required driving force F_REQ. 

A subroutine of the 'electric mode processing' of step S31 of the flow 
chart of FIG, 3 is now explained with reference to the flow chart of FIG. 8. 
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The flow chart of FIG. 8 Is substantially the same as that of FIG. 5; 
when the vshicis travels e!ectnc-?i!!yi In th^ s^me m;;)nnpr ;3s when the vehicle 
creeps electrically, the first clutch 14 is engaged under predetermined 
conditions so as to rotate the drive pulley 16 and the driven pulley 18 of the 
5 belt type continuously variable transmission M, and shifting to the target ratio 
RatioObj is carried out while checking the actual ratio Ratio; it is therefore 
possible to reliably prevent a delay in response of shifting of the belt type 
continuously variable transmission M. The only difference is that, in step S73 
of the flow chart of FIG. 5 the required driving force F_REQ of the rear 

10 motor/generator MG2 is a small value for electric creep traveling, but in step 
S73" of the flow chart of FIG. 8, the required driving force F_REQ of the rear 
motor/generator MG2 is a large value for electrical traveling. 

The subroutine of the 'stop mode transition processing* of step S33 of 
the flow chart of FIG. 3 is explained with reference to the flow chart of FIG. 9. 

15 Firstly, in step S1 11 the first clutch 14 is engaged, in step S1 12 the 

second clutch 20 is disengaged, and in step S1 13 the target ratio RatioObj of 
the belt type continuously variable transmission M is calculated from the 
accelerator pedal degree of opening AP and the vehicle speed Vcar, or the 
required driving force F_REQ and the vehicle speed Vcar. If in step S1 14 the 

20 deviation [RatioObj - Ratio] of the actual ratio Ratio from the target ratio 
RatioObj is not less than a predetermined value, that is, the deviation 
[RatioObj - Ratio] is large, then in step S1 15 shift processing is carried out so 
that the actual ratio Ratio of the belt type continuously variable transmission M 
coincides with the target ratio RatioObj. On the other hand, if in step S1 14 the 

25 deviation [RatioObj - Ratio] is less than the predetermined value, then the drive 
mode DriveMode is set at the stop mode Stop. In this way, in a state in which 
the second clutch 20 is disengaged and the first clutch 14 is engaged, after the 
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actual ratio Ratio of the belt type continuously variable transmission M is made 
to coincide with th6 t^irQBt r8.tlo M^W^Oh], 3. t'*?>nslt'nn to the 'stop mode' is 
carried out. 

A subroutine of the 'electric creep mode transition processing' of step 
5 S35 of the flow chart of FIG. 3 Is explained with reference to the flow chart of 
FIG. 10. 

Firstly, in step S121 the first clutch 14 is disengaged, in step S1 12 the 
second clutch 20 is disengaged, and in step SI 23 the front motor/generator 
IVIGI is driven as a motor so as to mal<e the engine E idle in a cylinder cut-off 

10 state, thereby generating a hydraulic pressure for shifting the belt type 
continuously variable transmission M by driving the oil pump 13 while 
minimizing the pumping loss of the engine E. If in the subsequent step SI 24 
the engine rotational speed Ne exceeds a cylinder cut-off lower rotational 
speed limit, or if the hydraulic pressure generated by the oil pump 13 exceeds 

15 a cylinder cut-off lower hydraulic pressure limit, then in step SI 25 the drive 
mode DriveMode is set at the electric creep mode EVCeep. 

A subroutine of the 'deceleration mode transition processing' of step 
S37 of the flow chart of FIG. 3 is explained with reference to the flow chart of 
FIG. 11. 

20 In step SI 31 the drive mode DriveMode is set at the deceleration mode 

Dec. 

A subroutine of the 'engine mode transition processing' of step S39 of 
the flow chart of FIG. 3 is explained with reference to the flow chart of FIG. 12. 
Firstly in step SI 41 the first clutch 14 is engaged, then in step SI 42 a 
25 cylinder cut-off solenoid is turned OFF so as to cancel the cylinder cut-off state 
of the engine E, a fuel injection permission INJ is turned ON, and an ignition 
permission IG is turned ON. In the subsequent step SI 43, the target ratio 
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RatioObj of the belt type continuously variable transmission M is calculated 
from Li le aucelerator pedal degrac of opening AP and the vehicle speed Vcar. 
or from the required driving force F_REQ and the vehicle speed Vcar, and in 
step S144 a target engine rotational speed NeCmd is calculated from the 
5 target ratio RatioObj and the vehicle speed Vcar. Subsequently, in step 3145 
shift processing is carried out so that the actual ratio Ratio of the belt type 
continuously variable transmission M coincides with the target ratio RatioObj, 
and in step SI 46 the front motor/generator MG1 is operated as a motor or a 
generator so that the engine rotational speed Ne coincides with the target 

10 engine rotational speed NeCmd. 

If in the subsequent step S147 the deviation jRatioObj - Ratio| of the 
actual ratio Ratio from the target ratio RatioObj is not less than a 
predetermined value, that is, if the deviation [RatioObj - Ratio| is large, or if in 
step S148 the percentage target ratio change |ARatioObj| is not less than a 

15 predetermined value, that is, the percentage target ratio change |ARatioObj| is 
large, or if in step S149 the engine E is not firing fully, or if in step S150 if the 
deviation |NeCmd - Ne| of the engine rotational speed Ne from the target 
engine rotational speed NeOmd is not less than a predetermined value, that is, 
the deviation |NeCmd - Ne| is large, then in step SI 51 the second clutch 20 is 

20 disengaged, in step SI 52 the rear motor/generator driving force command 
F_RrMot is set at the required driving force F_REQ, and in step SI 53 the 
engine driving force command F_ENG is set at 0. 

Here, a throttle valve should be opened by an amount corresponding to 
a no-load state of the engine E, which depends on the engine rotational speed 

25 Ne. The purpose of the throttle valve being opened by the amount 
corresponding to the no-load state is to make the output torque of the 
crankshaft 11 equal to 0, that is, the engine E is made to carry out work 
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corresponding to its friction. In this way, the rear motor/generator MG2 is 
macie to generate a driving force -jnti! the target ratio RatioGbj and the target 
engine rotational speed NeCmd are achieved. 

If the answers in steps S147 to S150 are all YES, that is, if traveling by 
5 means of the engine E is possible, then in step S154 the second clutch 20 is 
engaged (including the so-called half-clutch), and in step S155 the engine 
driving force command F_ENG is set at the required driving force F_REQ. In 
the subsequent step S156 the actual engine driving force F_ENG_ACT is 
calculated from the engine rotational speed Ne and an intake negative 

10 pressure Pb (or an intake air volume), and in step S157 the rear 
motor/generator driving force command F_RrMot is set at the required driving 
force F_REQ - the actual engine driving force F_ENG_ACT. If in the 
subsequent step S158 the actual engine driving force F_ENG_ACT coincides 
with the required driving force F_REQ, that is, the rear motor/generator MG2 

15 stops and only the engine E generates a driving force, then in step S159 the 
drive mode DriveMode is set at the engine mode ENG. 

A subroutine of the 'electric mode transition processing* of step S41 of 
the flow chart of FIG. 3 is now explained with reference to the flow chart of 
FIG. 13. 

20 Firstly in step S161 the first clutch 14 is engaged, in step SI 62 the 

second clutch 20 is engaged, then in step SI 63 the cylinder cut-off solenoid is 
turned OFF so as to cancel the cylinder cut-off state of the engine E, the fuel 
injection permission INJ is turned ON, and the ignition permission IG is turned 
ON. In the subsequent step SI 64, the target ratio RatioObj of the belt type 

25 continuously variable transmission M is calculated from the accelerator pedal 
degree of opening AP and the vehicle speed Vcar, or the required driving force 
F_REQ and the vehicle speed Vcar, in step SI 65 shift processing is carried 
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out so that the actual ratio Ratio of the belt type continuously variable 
Iraribmissiun Tvl coiricides vvith the target ratio RaticObj, and in step S166 the 
engine driving force command F_REQ is set at 0 (no-load throttle degree of 
opening). 

5 In the subsequent step S167, the actual engine driving force 

F_ENG_ACT is calculated from the engine rotational speed Ne and the intake 
negative pressure Pb (or an Intake air volume), and in step S168 the rear 
motor/generator driving force command F_RrMot is set at the required driving 
force F_REQ - the actual engine driving force F_ENG_ACT. In the 
10 subsequent step S1 69 if the actual engine driving force F_ENG_ACT is 0, that 
is, the rear motor/generator MG2 generates all of the required driving force 
F_REQ, then in step SI 70 the drive mode DriveMode is set at the electric 
mode EV. 

As hereinbefore described, in accordance with the present embodiment, 
15 when the vehicle travels while the operation of the engine E is stopped and the 
rear wheels Wr are driven or braked by the rear motor/generator MG2, that is, 
in the 'electric creep mode' of FIG. 5, the 'deceleration mode' of FIG. 6, and 
the 'electric mode' of FIG. 8, the oil pump 13 is driven by the front 
motor/generator MG1 in a state in which the pumping loss of the engine E is 
20 reduced by the pumping loss reduction means maintaining the intake valve of 
the engine E in a valve closed state and the second clutch 20 is disengaged. 
It is therefore possible to shift the belt type continuously variable transmission 
M by means of the hydraulic pressure generated by the oil pump 13 even 
when the engine E is stopped, and it is possible to prevent shift shock from 
25 occurring by controlling the actual ratio of the belt type continuously variable 
transmission M at a target ratio with good responsiveness when the engine is 
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started and the front wheels Wf are driven via the belt type continuously 
variable transmission M. 

Here, since the engine E rotated by the front motor/generator MG1 is in 
a state in which the pumping loss Is reduced, and the front motor/generator 
5 IVIGI is disconnected from the front wheels Wf by the second clutch 20 being 
disengaged, it is possible to minimize the power consumption by reducing the 
load of the front motor/generator MG1. Furthermore, by disengaging the first 
clutch 14 when the front motor/generator MG1 is driven, it is possible to 
prevent drag on the belt type continuously variable transmission M, thus 

10 reducing the power consumption of the front motor/generator MG1 . Moreover, 
since the engine E is made to idle by the front motor/generator MG1, the 
engine E can be started rapidly by controlling the ignition and starting to supply 
fuel, and it is possible to smoothly and rapidly transfer from a state of traveling 
by means of the rear motor/generator MG2 to a state of traveling by means of 

15 the engine E. 

Furthermore, when the vehicle travels by means of the rear 
motor/generator MG2 while the engine E is stopped, since the belt type 
continuously variable transmission M is shifted by intermittently engaging the 
first clutch 14 when the deviation |RatioObj - Ratio] of the actual ratio from the 

20 target ratio of the belt type continuously variable transmission M exceeds a 
predetermined value, compared with a case in which shifting is carried out by 
continuously engaging the first clutch 14 while the engine E is stopped, it is 
possible to reduce the power consumption by minimizing the time for which the 
belt type continuously variable transmission M is driven by the front 

25 motor/generator MG1. Moreover, since shifting is carried out by continuously 
engaging the first clutch 14 when the percentage target ratio change 
|ARatioObj| of the belt type continuously variable transmission M exceeds a 
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predetermined value, when it is necessary to rapidly shift the belt type 
continuously variable transrnlsslor! M, it can be shifted withou* de'?^ 

Although an embodiment of the present invention is explained above, 
the present invention can be modified in a variety of ways without departing 
5 from the scope and spirit thereof, 

For example, in the embodiment, the belt type continuously variable 
transmission M is illustrated as the automatic transmission, but the present 
invention can also be applied to a continuously variable transmission other 
than the belt type continuously variable transmission or to a stepped automatic 
10 transmission. 

Furthermore, instead of the damper 12, a torque converter may be 
provided. 

Moreover, the pumping loss reduction means is not limited to the 
embodiment, and may employ means in which both an intake valve and an 
15 exhaust valve are fully closed, or a throttle valve is fully opened. 

Furthermore, with regard to the drive mode of the vehicle V, other than 
those described in the embodiment, there can be considered a mode in which 
the driving force of the engine E is assisted by one or both of the first and 
second motor/generators MG1 and MG2, or a mode in which, without using 
20 the engine E, the vehicle travels by means of the driving force of both of the 
first and second motor/generators MG1 and MG2. 
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